





























Lots of “hard” scattering
in “Min-Bias”!

Charged Particle Density: dN/dnd¢ Charaed Particle Den
1.4 | 9 S—,-|7 Vs
Herwig "Soft" Min-Bias 14 TaV | 1.08+01 4
127 HERWIG “Soft” Min-Bias OF Preliminary I<1
1.0 + / e .
s08+-——-L P E N
5 Ve ;
% 0.6 — <
' &
0.4 + 3
1 =
021 % et 5
..................... Z ] . . . .
0.0 > 1.0E-03 - : HW "Soft" Min-Bias :
[ ] at 630 GeV, 1.8 TeV, and 14 TeV
Pseudo-Rapidity 1 é .,
g 1.0E-04 -
£ (R W ~a o
o ] e
®» Shows the energy dependence of the 1055 .
charged particle density, dN,,/dnd¢, for | idg P
o Ll o o Ll Il Il | Il Il Il ;
“Min-Bias” collisions compared with e . ' : s 10
HERWIG “SOft” Mill-BiaS. PT (GeV/c)

= Shows the p; dependence of the charged particle density, dN,,/dnd¢dPy, for “Min-Bias”
collisions at 1.8 TeV collisions compared with HERWIG “Soft” Min-Bias.

®» HERWIG “Soft” Min-Bias does not describe the “Min-Bias” data! The “Min-Bias” data
contains a lot of “hard” parton-parton collisions which results in many more particles at
large P, than are produces by any “soft” model.
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No easy way to
“mix” HERWIG “hard”
with HERWIG “soft”.

(S

i)

HERWIG diverges!

0}
\ HC cattering Cross-Section
Particle Density: dN/dndg) /B/“/" g Crose Sedt
1.6 - \ 1.0E+01 5 - CTEQ5L
1 1.8 TeV
14+ | f——)Lm— 0l 1 CDFPrelc 100l NN m e mm
LRl I i T N i N 1.0E+00 N «
g0\ [ q ] N .
5 08—V wa _ F T E W " 5 1.0E-01 N ~
T R e AL L = ] —— A
1 % q HERWIG X &
0.4 - g 1.0E-02 - >
0.2 + "W "Soft" Min-Biasfl T~ 8TV alPT % Hard Scater c\m \
JOPR [ Pt ‘ ‘ } ! S o] : ST s (T
-4 3 0 1 2 3 a ] q
& . . SRS the divergence.
Pseudo-Rapidity n g ] i HW "Soft" M Can run
| = cDF yff-Bias Data Herwig Jet3 = = Herwig Min-Bias E’ 10804 " P, (hard)>0!
®» HERWIG “fhard” QCD with P (hard) - 1005 :
GeV/c desfribes well the high p tail but ol . NCRET:
produceytoo many charged particles overall. 4 6 8 10 12 14
Not all of the “Min-Bias” collisions have a PT_(GeVic)

| S—

' HERWIG “soft”
Min-Bias does not fit
the “Min-Bias” data!

® One cannot run the HERWIG “hard” QCJ Monte-Carlo with P(hard) <3 GeV/c because
the perturbative 2-to-2 cross-sections diverge like 1/P(hard)*?

hard scattering with P (hard) > 3 GeV/c!
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Charged Particle Density: dN/dnd¢

1.0
CDF Published
=
T
=
3
B 04
02—
—— Pythia 6.206 Set A
® CDF Min-Bias 1.8 TeV 1.8 TeVall PT
0.0 } } } } } } }
4 3 2 - 0 1 2 3 4

Pseudo-Rapidity n

% PYTHIA regulates the perturbative 2-to-2
parton-parton cross sections with cut-off

yne to run with

julate both “hard”

ne program.

Lots of “hard” scattering in
“Min-Bias” at the Tevatron!

and **soit” coll1

®» The relative amount o

“underlying event”!

PYTHIA Tune A
CDF Run 2 Default icle Density \
1.0E+00 - _—
1.0E-01 O CDF Min-Bias Data
o ]
N ] 1.8 TeV n|<1
= 1.0E-02 4
E ] 12% of “Min-Bias” events
§ ] have P (hard) > 5 GeV/c!
> 1.0E-03 1
© ]
"E 1% of “Min-Bias” events
2 . oEod have P (hard) > 10 GeV/c!
he} 1
% ]
5 4
1.0E-05 E
| CDF Preliminary
1.0E-06 ; ; ‘ ‘ ‘ S $ $
0 2 4 6 8 10 12 14

PT(charged) (GeVic)

d” versus “soft” depends on the cut-off and can be tuned.

® This PYTHIA fit predicts that 2% of all “Min-Bias” events are a result of a hard 2-to-2
parton-parton scattering with P(hard) > 5 GeV/c (1% with Py(hard) > 10 GeV/c)!

Oregon Terascale Workshop
February 24, 2009

Rick Field — Florida/CDF/CMS

Page 13



Highest p. “Associated” densities do
charged particle! not include PTmax!

Charged Particle Density: ledndq)]7
NPTmax Direction 0.5
CDF Preliminary

2 04 | datauncorrected ___________}__ Associated Deffsity | |
z PTmax not included
8 Charge Density

" 203 E ————————————————————————

* £ s .Hﬁi
©
g, TR : i i
S o
(]
o
2
Correlations in ¢ o 01+ or Charaed Particl
in-Ri ax arge articles
Min-Bias (I<1.0, PT>0.5 GeVic)
0.0 ; ; ; ; ; 1 ; ; ; ; ;
0 30 60 90 120 150 180 210 240 270 300 330 360
Ao (degrees)

® Use the maximum p; charged particle in the event, PTmax, to define a direction and look
at the the “associated” density, dNchg/dnd¢, in “min-bias” collisions (py > 0.5 GeV/e, |n| <
1).

® Shows the data on the Ap dependence of the “associated” charged particle density,
dNchg/dnd¢, for charged particles (p > 0.5 GeV/c, |n| <1, not including PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events. Also shown is the average charged
particle density, dNchg/dnd¢, for “min-bias” events.
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Highest p. “Associated” densities do
charged particle! not include PTmax!

Charged Particle Density: ledndq)]7

CDF Preliminary /
2 04 | datauncorrected ___________}__ Associated Deffsity | |
z PTmax not included
]
[a]
203+ >~ (¥
o
T !
oo il
$ 02l
@
2
e
Correlations in ¢ o 01+ Charaed Particl
Min-Bias arged Particles
[nl<1.0, PT>0.5 GeVic)
0.0 - 1 1 1 1 1

120 150 180 210 240§ 270 300 330 360
Ao (degrees)

B Use the mp=imesmss—akosood mow’ 4“”‘“‘*, PTmax, to define h direction and look

at the the | It is more probable to find a particle |, i, collisions By > 0.5 GeV/e, | <
1). accompanying PTmax than it is to

Sy e
® Shows the TG EERIE O U Gt s Oy iated” charged particle density,
dNchg/dnd¢, for charged particles (p > 0.5 GeV/c, |n| <1, not including PTmax) relative

to PTmax (rotated to 180°) for “min-bias” events. Also shown is the average charged
particle density, dNchg/dnd¢, for “min-bias” events.

Oregon Terascale Workshop Rick Field — Florida/CDF/CMS Page 15
February 24, 2009



density in the “transverse”
region as PTmax increases!
' / I
Associated Particle Density: dNIdnd¢/ max > 2.0 GeV/c
PTmax Direction 1.0 '

= PTmax > 2.0 GeV/c Charged®articles cD
> o PTmax > 1.0 GeV/c (Inl<1.0, PTH0.5 GeV/c)
.g 0.8 +|epTmax>05Gevic| g d N
“Toward” % — EIH ,,,,,,, T‘;;;;Sf _ ﬁﬁl I B _ ,T ,rl:,: ,,,,, - HEI
t
g 7 HHHIHEH{EMIHEEI . {E{ EH‘EMM}H HE
“Transverse” “Transverse” ..§ MEE{E }E}:{E}:; EEH}E I}}m

PTmax not included

0.0 1 1 1 1 1 ) 1 1 1 1
0 30 60 90 120 150 180 210 240 270 300 360
A (degrees)

Ave Min-Bias
0.25 per unit n-¢

PTmax > 0.5 GeV/c

® Shows the data *)n the A¢ dependence of the “associated” charged particle density,
dNchg/dnd¢, for charged particles (p; > 0.5 GeV/e, In| < 1, not including PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events with PTmax > 0.5, 1.0, and 2.0 GeV/c.

% Shows “jet structure” in “min-bias” collisions (i.€. the “birth” of the leading two jets!).
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PY Tune A

PTmax > 2.0 GeV/c Associated Particle Density: dN /d/ 4q$|

PTmax Direction .

\AA¢

e PY Tune A

e PY Tune A

o PTmax > 2.0 GeV/c

1 PTmax > 0.5 GeV/c

“Toward” Region

“Transverse” “Transverse”

0. T ®%%ees0e,

Associated Pamgicle De
o
H

PTmax not included

% Transverse
0.6

i
E{E{

ﬂﬂﬁ {E}E Region EE}}E}?&H }

-%DF Preliminary

data uncorrected
theory + CDFSIM

PY Tune A 1.96 TeV

Transverse

(Inl<1.0, PT>0.5 GeV/c)

e 0.0 1 1 1
0 30 60 90

PTmax > 0.5 GeV/c

180 210 240 270 300 330 360
Ao (degrees)

% Shows the data on the Ad dependence of the “associated” charged particle density,

dNchg/dnd¢, for charged particles (p > 0.5 GeV/c, |n| <1, not including PTmax) relative
to PTmax (rotated to 180°) for “min-bias” events with PTmax > 0.5 GeV/c and PTmax >
2.0 GeV/c compared with PYTHIA Tune A (after CDFSIM).

® PYTHIA Tune A predicts a larger correlation than is seen in the “min-bias” data (i.e.

Tune A “min-bias” is a bit too “jetty”).
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‘Charged Particle Density: dN/dnd¢

® Pythia 6.206 Set A
12+ - W CDFData [ --—----------——--—--——-—-—--—-—-/"—-——
0O UAS Data
Fit 2
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Charged density dN/dqnd¢

o
>
| -

o
Y

LHC?

o
=)

10 100 1,000 10,000 100,000
Pseudo-Rapidit CM Energy W (GeV)

= Shows the center-of-mass enefgy dependence of the charged particle density, dNp,/dndo, for
“Min-Bias” collisions compargd with PYTHIA Tune A with P (hard) > 0.

% PYTHIA was tuned to fit the “ginderlying event” in hard-scattering processes at 1.8 TeV and
630 GeV.

® PYTHIA Tune A predicts a 42% rise in dN,p,/dnd¢ at n = 0 in going from the Tevatron (1.8
TeV) to the LHC (14 TeV). Similar to HERWIG “soft” min-bias, 4 charged particles per

unit n becomes 6.
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Charged Particle Density

Hard-Scattering in Min-Bias Events

1.0E+00 ] \
1.0E-01 f
1.0E-02 f
1.0E-03 —

1.0E-04 -

Charged Density dN/dnd¢dPT (1/GeV/c)

1.0E-05

1.0E-06 -

1% of “Min-Bias” events
have P (hard) > 10 GeV/c!

Pythia 6.206 Set A

12% of “Min-Bias” events
have P (hard) > 10 GeV/c! Pythia 6.206 Set A

40% ]

—o—PT(hard) > 5 GeVic
—8—PT(hard) > 10 GeVic

30% A

20% f -

% of Events

0% - e TN ]

S

0%
100

1,000 10,000

CM Energy W (GeV)

LHC?

% Shows the center-of-mass energy dependence
of the charged particle density,
dNp,/dnd¢dPry, for “Min-Bias” collisions

compared with PYTHIA Tune A with
P(hard) > 0.

® PYTHIA Tune A predicts that 1% of all “Min-Bias” events at 1.8 TeV are a result of a hard
2-to-2 parton-parton scattering with P.(hard) > 10 GeV/c which increases to 129% at 14 TeV!
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The charged <PT>

rises with Nchg!
\rs\ Average PT versus Nchg
| CDF Preliminary PYTHIA Tune A 1.96 TeV
14 L data uncorrected  _ _ _ _ _ _ _ _ _ _ _ _ __ ____________________-7T |
g theory + CDFSIM \ Min-Bias
>
Q
012+
|—
o
)
g 10+
Q
>
<
0.8
Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.6

2 4 6 8 10 12 14 16 18 20 22 24 26

Number of Charged Particles

28

® Shows the average transverse momentum of charged particles (|n|<1, p>0.5 GeV)
versus the number of charged particles, Nchg, for the CDF Run 2 Min-Bias events.
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The charged <PT>
rises with Nchg!

Average PT versus Nchg

Non-perturbative QCD Effects and the Top Mass at the Tevatron

BT .
Fernnd Marbowal! Accelerator Labvaratory, Saiavia, fL 005 10-05060, LS4

Daniel Wicke
Bevgivele Unfveraitdt Wuppertal, Germuray
(Dated: Febmary 23, 2007)

= Shows the 4
versus the n
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The namve expectation from an uncormelaled svsiem of A=l EE—T
arrings decaving 1w hadrons would be that (p ) should be in- § A
dependent of Y.y, and to first approximation equal 1o the LEP arf t
fragmentation g width, the non-perturbative component of —8=,
which is {p | Jup ~ L36GeV (iIn PYTHIA) . Already al Spps, ==l ::
howewer, and more recenily at RHIC and the Tevairon, such a MO
behaviour has been comancmgly ruled out, Currently, mosdels
which successfully deseribe the {p ) ) { V) distribution, such it
as B Field’s “Tune A" and others [12, 13, 18], do s0 by mcor-
poraiing very sirong ad hoe correlations between final-staie oLt
partons from different interactions. We emphasise that these
correlattons are not chosen al randem but are constructed to il
minminnise te resulting swing length, e similarly to our mod-
cls here. Thus, although colour reconnections are nod explic- T L
itky part of these models, an implicic effect with sinnlar ¢conse- D220 W 0 8 w12 1
gquences s shll needed, at 8 seemingly large magnitude. This Mo
ohazrvaiion alone serves as a significant part ol the mstivation : - ;
3 FIG. 1: Comparison of the modalaTunes discussed in the e Toe
for our study. elastic won-difftaetive (min-bias) events in pp collisions st 5 =

1860 Gie. Top: Charged multiplicity distribation. Bolon: e
o 46 0 function of charged mouhaplicity,
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— ‘ —
Average PT versus Nchg § CDF Runll Prelimi
14 ®13
1 CDF Run 2 Preliminary A O
data corrected Min-Bias —
§ 121 generator level theory 1.96 TeV /\|_ »
: &
: .l.ii \ —a—
s " Tt T —d
4 P
2
< 0.8 1
1 & Charged Particles (|n[<1.0, PT>0.4 GeVic)
0.6 1 1 | | 0.9
0 10 20 30 40 50 ’
Number of Charged Particles i< 1 and p,= 0.4 GeV
08 = Data Runll MB+HM
07 —— Pythia TuneA, hadron level
:IllllIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0O 5 10 15 20 25 30 35 40 45 50
multiplicity

® Data at 1.96 TeV on the average p; of charged particles versus the number of charged particles (p; >
0.4 GeV/e, In| <1) for “min-bias” collisions at CDF Run 2. The data are corrected to the particle level
and are compared with PYTHIA Tune A at the particle level (i.e. generator level).
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Average PT versus Nchg

1.4
1 CDF Run 2 Preliminary .
B data corrected *
1 generator level theory
T 12T -—-mmmmmmm e €[ oA N~
> B L4
8 : _:x"
~ i mT T T [T 4
o1 o pvAnowe L0 :
5 ’
o | o’
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L 08 - gBS e Q- 1
] Charged Particles ([n|<1.0, PT>84 GeV/c)
0.6 f f f f f f
0 5 10 20 25
Number of ClT¥nggd Particles
“Soft” Hard Core (no hard sca
DF “Min-Bias’
— Proton
— e

The CDF “min-bias” trigger
picks up most of the “hard
core” component!

Oregon Terascale Workshop
February 24, 2009

" tiProton +

Multiple-Parton Interactions

Outgoing Parton

® Beam-beam remnants (i.€. soft hard core) produces
low multiplicity and small <p,> with <p >
independent of the multiplicity.

® Hard scattering (with no MPI) produces large
multiplicity and large <p,>.

® Hard scattering (with MPI) produces large
ultiplicity and medium <p,>.

This observable is sensitive
to the MPI tuning!

“Hard” Hard Core (hard scatt
ing)

ing)
utg6mig Parton

AntiProton

Underlying Event Underlying Event

............
.......... # Initial-State

d Radiation

% Final-State

'= Radiation

\J

Outgoing Parton
Outgoing Parton

AntiProton

Underlying Event

:
% Final-State
% Radiation

v
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‘Charged Particle Density: dN/dY

Generator Level pyA

Charged Particle Density

Charged Particles (all py)

-10 -8 -6 -4 -2 0 2 4 6 8 10 -10 -8 -6 -4 -2 0 2 4 6 8 10
PseudoRapidity 1 Rapidity Y

® Shows the predictions of PYTHIA Tune A, Tune DW, Tune DWT, and the ATLAS tune for
the charged particle density dN/dn and dN/dY at 14 TeV (all py).

% PYTHIA Tune A and Tune DW predict about 6 charged particles per unit n at n =0, while
the ATLAS tune predicts around 9.

®» PYTHIA Tune DWT is identical to Tune DW at 1.96 TeV, but extrapolates to the LHC using
the ATLAS energy dependence.
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Charged PT Distribution ‘Average Number of Charged Particles vs PTmin

100.0 - 20
T _ Generator Level
Generator Level PYA <PT>= 641 MeVic Min-Bias 14 TeV
_ Min-Bias 14 TeV = = pyDW <PT> =665 MeV/c sl N -
—O—pyDWT <PT> = 693 MeVi/c J PYSW
g h A = = py
% 10.0 - . ——0— ATLAS <PT> =548 MeV/c || E; —O—pyDWT
Q + G 10 - NN N —0— ATLAS |
= z
~ A"
-
S
2 *7
é 1.0 - Charged Particles (|n|<1.0, PT>PTmin)
- 1 0 1 1 1 1 1 1 1 |

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Charged Particles (|n|<1.0) Nt Minimum P; (GeV/c)

0.1 1 \ \
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Charged Particle Py (GeVic)

% Shows the predictions of PYTHIA Tune A, Tune DW, Tune DWT, and the ATLAS tune for
the charged particle p distribution at 14 TeV (Jn| <1) and the average number of charged
particles with pp > p™" (jn| < 1).

® The ATLAS tune has many more “soft” particles than does any of the CDF Tunes. The
ATLAS tune has <p> =548 MeV/c while Tune A has <p,;> = 641 MeV/c (100 MeV/c more
per particle)!
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CDF Run 2

Proton AntiProton

60 cm
396 ns

The primary vertex is the highest PTsum of charged particles pointing towards it.

Normally one only includes those charged particles which point back to the primary
vertex.

The primary vertex is presumably the collision that satisfied the trigger. Maybe not
for “min-bias” events?

How well do we understand the pile-up at CDF?
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CDF Run 2

Proton AntiProton

ﬁ
396 ns

®» The primary vertex is the highest PTsum of charged particles pointing towards it.

=% Normally one only includes those charged particles which point back to the primary
vertex.

®» The primary vertex is presumably the collision that satisfied the trigger. Maybe not
for “min-bias” events?

» Is the pile-up biased?
» Is the pile-up the same for all triggers?

» Does pile-up conspire to help satisfy your trigger?
®» How well do we model pile-up?
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No Trigger (ct =10mm) |

arged Particle PseuoRapidity Distribution

Charged Particle Multiplicity Distribution

0.05
Generator Level \ B pyDWT <Nchg> = 81.7 \ Generator Level
HCMB 14 TeV

e 3

2 mEEEpg mEEg

s ot " aLT T L L™ -

g2 _______ w_ o _______________1 . _____

A -T | | -

o [ ]

é [ ] [ ]

2 ,,,,.,',,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,‘1,,
[ ] = = [ ]

Charged Particles (all pT)
T T T T T T T 0
(] 10 20 30 40 50 60 70 80 90 100 -8 -6 -4 -2 0 2 4 6 8
Number of Charged Particles: Nchg PseudoRapidity n

=» Shows the charged multiplicity distribution (jn| ™ Shows the charged particle pseudo-rapidity

<2, all py) for Npile =1 (i.e. shows, on the distribution (all p;) for Npile =1 (i.e. shows,
average, what one event looks like). The plot on the average, what one event looks like). The
shows the probability of finding 0, 1, 2, ... etc. plot shows the <Nchg> in a 0.4 bin (i.e. not
charged particles. The sum of the points is divided by bin size). The sum of the points
equal to one. The mean is 24.39 charged with |n| <2 is 24.39.

particles and o = 19.7.
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Pile-Up at the ILHC ca

Charged Particle Multiplicity Distribution

0.08
Generator
n
o HCMB
g 0.06 -.ﬁ
006 +r---------—"—-M@W--------------------------—-
Lsa.“ .- = Charged Particles (|n|<2.0,a
o L]
Ll | =
5 004 L _ [ B _Meaw=2439_)_ ______| [ ] pyIE)WT <N.chg> 243.9
o ® Npile = 1 with Nchg->10*Nchg
> S ' ]
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= S N l . Npile = 10
© [ J
8002+ 4 n l-
e o u
o ° u
-
0.00 s— 1 1 1
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Number of Charged Particles: Nchg

“Central Limit Theorem”: <Nchg> ~ Npile, c ~ sqrt(Npile)!

Probability per 50 Pa

0.16 \
Generator Level
5 HCMB 14 TeV
012 + -8 -——————~ .
True for any P (min) cut!
o008 L - - -~~~ 1 @¢\ ] —a— pyDWT <Nchg>=1219.5
® Npile =10 with Nchg->5*Nchg
@ Npile =1 with Nchg->50*Nchg
004 - poege ® - -9 -
Npile = 50
0.00

0 500 1000y 1500 2000 2500 3000 3500 4000 4500 5000

Number of Charged Particles: Nchg

®» Shows the charged multiplicity distribution

(In| <2, all py) for Npile =10 (i.e. shows, on
the average, what 10 events looks like). The

plot shows the probability of finding 0, 10, 20,

... etc. charged particles. The sum of the
points is equal to one. The mean is 243.9

charged particles and o = 62.3. Also shown

is the Npile = 1 distribution scaled by a
factor of 10 (i.e. Nchg — 10 X Nchg).
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®» Shows the charged multiplicity distribution (|n|

<2, all py) for Npile = 50 (i.e. shows, on the
average, what 50 events looks like). The plot
shows the probability of finding 0, 50, 100, ...
etc. charged particles. The sum of the points is
equal to one. The mean is 1219.5 charged
particles and o = 138.9. Also shown is the
Npile = 1 distribution scaled by a factor of 50
(i.e. Nchg — 50 X Nchg) and the Npile = 10
distribution scaled by a factor of 5 (i.e. Nchg —

5 X Nchg). .
Page




Log-Scale'

Charged Particle Multiplicity Dlstrlbutlonl N Charged Particle Multiplicity Distribution
0.08 1.0E+00
Generator Level Charged Particles (|n|<2.0) Generator Level Charged Particles (|n|<2.0)

é 006 1L ?Fﬂ? 14Tev | ~#- All PT <Nchg> = 24.39 | é 1.0E-01 - HCMB 14 TeV
g —&—PT >1 GeV/c <Nchg>=4.87 E
- —e—PT >2.5GeVic <Nchg> =0.636 — 1.0E-02 -
8004 F\-4----cgg-----—--—-————1 ~0-PT > 5GeVic <Nchg>=0.0466 |- 8
E —O0—PT > 10 GeV/c <Nchg> =0.0025 E 1.0E-03 -
Ke) )
§ 00z 5 1.0E-04
a g e

0.00 1.0E-05

0 5 10 15 20 25 30 35 40 45 50
Number of Charged Particles: Nchg Number of Charged Particles: Nchg

®» Charged multiplicity distribution (|| < 2) for Npile =1 (i.e. shows, on the average, what one
event looks like). The plot shows the probability of finding 0, 1, 2, ... etc. charged particles.
The five curves correspond to p(min) =0, 1.0, 2.5, 5.0, and 10.0 GeV/c.
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T .00-Scale!

Charged Particle Mt Charged Particle PseuoRapidity Distribution tiplicity Distribution
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®» Charged multiplicity distribution (|| < 2) for Npile =1 (i.e. shows, on the average, what one
event looks like). The plot shows the probability of finding 0, 1, 2, ... etc. charged particles.
The five curves correspond to p(min) =0, 1.0, 2.5, 5.0, and 10.0 GeV/c.

=» Shows the charged particle pseudo-rapidity distribution for Npile = 1 (i.e. shows, on the
average, what one event looks like). The plot shows the <Nchg> in a 0.4 bin (i.e. not divided
by bin size). The five curves correspond to py(min) =0, 1.0, 2.5, 5.0, and 10.0 GeV/c.
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Charged Particle PT Distribution
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=» Shows the charged particle p distribution
(Im| < 2) for Npile =1 (i.e. shows, on the
average, what one event looks like). The plot
shows the <Nchg> in a 1.0 GeV/c bin (i.e. not
divided by bin size). The sum of the points
gives 24.39.

Oregon Terascale Workshop
February 24, 2009

=» Shows the average number of charged particle

Rick Field — Florida/CDF/CMS

the Py-cut (|n| <2) for Npile =1 (i.e. shows, on
the average, what one event looks like). The
first point corresponds to <Nchg> = 24.39.
The fit corresponds to
<Nchg>=24.39exp(-1.4p(min)).
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Charged Particle PT Distribution
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=» Shows the charged particle p; distribution

(Im| < 2) for Npile =1 (i.e. shows, on the

average, what one event looks like). The plot
shows the <Nchg> in a 1.0 GeV/c bin (i.e. not

divided by bin size). The sum of the points

gives 24.39.

=» Shows the average number of charged particle
the Py-cut (|n| <2) for Npile =1 (i.e. shows, on
the average, what one event looks like). The
first point corresponds to <Nchg> = 24.39.
The fit corresponds to
<Nchg>=24.39exp(-1.4p(min)).
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. <AssocNchg>+1 = <Nchg>!

Charged Multiplicity Charged MU'ti'mrry—mmu—l"\:\
<AssocNchg>+1 >> <Nchg>!
1.0 5.0
—m— Npile = 1 <Nchg> = 0.0466 — <Nchg> Generator Level
208 | —DO— Npile = 1 <AssocNchg> = 0.277 40 | 5 <AssocNchg> ~___HCMBA14TeV . ____ __——
% - e —8— <AssocNchg>+1
& 3
L L R e T E s
] i N
o Charged Particles (pr > 5 GeVic, |n|<2.0)
B 04N N
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€ 0.2
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=» Shows the charged multiplicity distribution (p; > 5 GeV/c, |n| < 2) for Npile =1 (i.e. shows, on
the average, what one event looks like). The plot shows the probability of finding 0, 1, 2, ... etc.
charged particles. The plot also shows the “associated multiplicity” distribution (open squares),
<AssocNchg> = <Nchg> -1, for events with at least one charged particle with p > 5 GeV/c (i.e.
the over average multiplicity is <AssocNchg> +1 ). Note that <AssocNchg> +1 =1.277 and
<Nchg> = 0.0466. There are many more particles in events with at least one charged particle
with p; > 5 GeV/c, then in an average “min-bias” event. Also, note that the probability of
getting an additional particle in an event with at least one charged particle with p, >S5S GeV/c
(i.e. AssocNchg =1 is greater than the probability of getting one particle in a typical “min-bias”
event, Nchg =1).
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Charged Particle Multiplicity Probability Charged Particle Multiplicity Correlation
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—#— Prob(Nchg 2 2) Generator Level
08 . | —® Prob(Nchgz1) | __*— = _— — 08 | HCMB 14 TeV
—{F Prob(AssocNchg 2 1)
2 06+ 8 0.6 & e
3 Generator Level 5 _ S N
8 HCMB 14 TeV © Corr =1 - Prob(AssocNchg 2 1)/Prob(Nchg 2 2)
[<] =
= 0.4 0 04 - ————— e
o o
0.2 02 -
Charged Particles (p-,- > 5 GeVic, IT]|<20) Charged Particles (pT > 5 GeVic, IT||<2
0.0 1 1 1 1 1 0.0 1 1 1 1 1 1 1 1 ‘ |
1 1 21 31 41 51 61 4 81 91 101 1 11 21 31 41 51 61 71 81 91 101
Number of Pile-Up Events Number of Pile-Up Events

=» Shows the probability of finding Nchg 2 1 and = Shows the “correlation” (Corr =1 -
Nchg 22 (pr > 5 GeV/e, In| <2) versus Npile, Prob(AssocNchg2 1)/Prob(Nchgz2 2)) versus

where Npile = 1 means one event, Npile = 10 Npile, where Npile = 1 means one event, Npile
means 10 events, etc.. . The plot also shows the =10 means 10 events, etc.. . This correlation
probability of finding AssocNchg 2 1 (overall is very large for one event (i.e. Npile = 1) and

multiplicity 2 2) for events with at least one diminishes as Npile becomes large.

charged particle with p,> 5 GeV/c. For Npile =
1 (i.e. one event) there is a strong correlation
since Prob(AssocNchg2 1) is much greater than | “Central Limit Theorem”strikes again??
Prob(Nchgz2 2). However, this correlation

diminishes as Npile becomes large
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) Min-Bias & Pile-Up'Summary 2

-» “Mln-Blas” is not well defined. What you “Minumum Bias Collisions
see depends on what you trigger on! Every
trigger produces some biases. We learn
about “min-bias” by comparing different
“low bias” triggers. Charged Particle Density: dN/dn

Proton AntiProton

Generator Level

=» We are doing a fairly good job in modeling
“min-bias” and pile-up at CDF (i.e. Pythia
Tune A, Tune AW, Tune DW), but
extrapolations to the LHC are still uncertain!

Charged Particle Density

Charged Particles (all p7)
| | |

-10 -8 -6 -4 -2 0 2 4 6 8 10
PseudoRapidity n

= Studying pile-up at CDF is more difficult
than | thought due to primary vertex
splitting (and merging).

| do not know to what extent pile-up is process
(i.e. trigger) dependent and to what extent it
helps satisfy the trigger requirements. This
would have big implications for the LHC!
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